What was known before
Decreased physical activity and increased sedentary behavior are associated with poor health outcomes in the general population. Hemodialysis patients have considerably reduced physical activity compared with nondialysis populations but less is known about their sedentary tendencies and locations where these behaviors occur.
Introduction
Patients receiving dialysis have reduced levels of physical activity and increased sedentary behavior compared with the general population. 1, 2 This is associated with a negative impact on survival for those receiving dialysis, [3] [4] [5] [6] whereas habitual physical activity may confer a survival advantage 3, 4, [6] [7] [8] and improved health-related quality of life 3 among in-center hemodialysis patients.
Questionnaire-based assessments have shown low selfreported physical activity in hemodialysis patients. 3, 4 Although important, these evaluations require introspective ability and may suffer from response bias which may limit objectivity of the data collected. 9 They also may not accurately capture details such as intensity, timing, and duration of physical activity. As such, there has been a greater emphasis on the use of objective accelerometer-based assessments of physical activity in dialysis populations. 7, 8, 10, 11 Accelerometers can further stratify physical activity into moderate to vigorous physical activity, and light physical activity, based on number of counts per minute. Accelerometer-based studies confirm that dialysis patients are less active compared with healthy controls 1 and renal transplant recipients. 12 Much less is known about the prevalence of sedentary behavior in hemodialysis patients using objective accelerometer-based assessment. This is especially relevant when considering the association between sedentary behavior and poor outcomes, including cardiovascular disease and all-cause mortality, in other nondialysis patient populations. 13 The role of hemodialysis treatment also needs to be considered when assessing sedentary behavior, as prior studies have shown lower physical activity on dialysis days compared with nondialysis days. 10 Identifying locations where physical activity and sedentary behavior occur is an essential step in developing interventions targeting these behaviors in the hemodialysis population. Previous studies have shown that the majority of moderate to vigorous physical activity in the general population occurs outside of the home environment. 14, 15 However, this population does not have the same degree of comorbidity and frailty as individuals who require in-center hemodialysis which limits the generalizability of these findings. Up to 67% of dialysis patients met the definition of frailty including poor self-reported physical functioning, fatigue/ exhaustion, and undernutrition in a recent study 16 which suggests their physical activity tendencies may not mirror those of the general population. Determining where physical activity and sedentary behavior occur for hemodialysis patients is the first step to designing successful interventions which modify these behaviors. To date, objective assessments of real-world locations where physical activity and sedentary behavior occur have not been examined in a hemodialysis population.
Therefore, in a cohort of in-center hemodialysis patients, the purpose of this study was to (1) objectively determine the minutes per day of moderate to vigorous physical activity, light physical activity, and sedentary behavior; (2) describe differences in moderate to vigorous physical activity, light physical activity, and sedentary behavior comparing dialysis versus nondialysis days; and (3) describe the locations where moderate to vigorous physical activity, light physical activity, and sedentary behavior occur using global positioning system (GPS) data. We hypothesized that hemodialysis patients would exhibit a low level of moderate to vigorous physical activity and high sedentary behavior given the results of prior questionnaire-based activity assessments and that sedentary behavior would be higher on dialysis days. We also hypothesized that physical activity would occur most frequently in the home environment given the frailty of this population.
Methods

Population
We analyzed a cross section of chronic in-center hemodialysis patients at a large tertiary care institute (Queen Elizabeth II Health Science Centre, Halifax, NS). Recruitment occurred over a 3-month period between June 1, 2017, and August 31, 2017. We chose a convenience sample of any patient who consented to participate and satisfied inclusion and exclusion criteria. The Nova Scotia Health Authority Research Ethics Board (#1022204) approved this study. All participants provided written informed consent.
Inclusion/Exclusion
Eligible patients were ≥18 years old, receiving in-center hemodialysis for at least 3 months, and could read and write in English, to ensure accurate usage of the accelerometer and GPS unit. We excluded any patient who was admitted to hospital, receiving acute dialysis with anticipation of renal recovery, those who were unable to participate due to medical or physical limitation (bed ridden, amputation without prosthesis, wheelchair bound, or unable to ambulate despite gait aids), or those that were deemed by their primary nephrologist to be unlikely to collect the requisite number of days of accelerometer data required for the study.
Procedure
Patients were provided instruction on accelerometer and GPS use by study coordinators and asked to wear both devices continuously (from waking until bed) for a duration of 9 days. We chose this duration to account for incomplete data capture on the days that the devices were collected and returned with a goal of 7 complete days of accelerometer/ GPS wear time. Furthermore, this timeline allowed for 3 dialysis sessions to be captured representing a typical week for hemodialysis patients. The accelerometer (3.8 × 3.7 × 1.8 cm) was attached to a belt and worn at the hip while the GPS unit (7.2 × 4.6 × 2 cm) was stored in a belt pouch on the contralateral hip. Devices were not worn overnight or during water-based activities.
Accelerometer-Measured Physical Activity and Sedentary Behavior
Physical activity and sedentary behavior were measured using the Actigraph GT3X accelerometer, which has been shown to be a valid and reliable tool. 17, 18 Data were collected in 5-second epochs and reintegrated to a 60-second epoch prior to being cleaned using Actilife 6.10.2 software (Actigraph, LLC). Nonwear time was defined as at least 90 consecutive minutes of zero counts, with allowance for up to 2 minutes of nonzero counts provided there are no counts recorded in the 30 minutes upstream and downstream from the nonzero interval. 19 A valid day was subsequently defined as ≥10 hours of wear time. Definitions of moderate to vigorous physical activity, light physical activity, and sedentary behavior were activities that require ≥3 metabolic equivalents (METs), 1.6 to 2.9 METs, and ≤1.5 METs in a sitting, reclining, or lying posture, respectively. Examples include raking the lawn (moderate to vigorous physical activity), watering plants (light physical activity), and watching TV on the couch (sedentary behavior). The Troiano et al 20 cut-points were used to define sedentary behavior (<100 counts per minute), light physical activity (100-2019 counts per minute), and moderate to vigorous physical activity (≥2020 counts per minute).
Geographical Locations of Physical Activity and Sedentary Behavior
Locations where physical activity and sedentary behavior occurred were mapped objectively using the Qstarz BT-Q1000X GPS data logger, which provided the date, time, speed, latitude, and longitude information every 5 seconds (ie, to be in sync with the accelerometer data). This device is accurate within a 3-meter distance of the participant and has been shown to be a valid tool. 15, 21 The device was capable of recording up to 24 hours of location data per day but needed to be recharged by patients on a nightly basis. Using the Actilife 6.10.2 software, the 60-second epoch accelerometer data were linked to the 5 second GPS data and imported into ArcGIS 10.2.2. The linked data were then geocoded using OpenStreetMaps and World Imagery base maps in addition to the Google Maps add-in, which provided a street view when needed. Each minute of linked data was coded into home, a residence that was not home (eg, a neighbor's house), a hospital or medical clinic, a street or sidewalk, a walking path or trail, a food or shopping area (eg, a restaurant, a mall), greenspace and/or recreation area (eg, a park, fitness facility, field, etc), a service building (eg, a bank, car dealership, a movie theater, etc), and transportation (eg, driving 80 miles/hour on the highway while sedentary), and error (eg, GPS points in the ocean).
Patient Characteristics
Baseline demographics were obtained following a questionnaire and assessment of patient electronic records and paper charts at the time of consent.
Analysis
Baseline demographics and characteristics for the entire study cohort were reported using descriptive statistics. Mean with standard deviation, median with interquartile range, and number with percent were used for continuous normal, nonnormal, and categorical baseline variables, respectively. Time spent in sedentary behavior, light physical activity, and moderate to vigorous physical activity was averaged across valid days to give total minutes per day at each activity level and reported as medians with interquartile ranges. The proportion of time spent in each state was reported as a percentage of total wear time. In the primary analysis and consistent with recommendations, at least 4 valid days were required for reporting of accelerometer data and for GPS linkage. 20 The amount of moderate to vigorous physical activity accumulated in bouts of ≥10 minutes was used to determine whether individuals were meeting the Canadian physical activity guidelines (weekly sum ≥ 150 minutes of moderate to vigorous physical activity in bouts of ≥ 10 minutes). 22 To count as a bout, 10 consecutive minutes of observations had to exceed the moderate to vigorous physical activity cutpoint, with allowance for a maximum of 2 observations falling below the cut-point during that period (ie, 8 out of 10 minutes had to be above the cut-point). 23 If patients had 1 to 6 valid days, their average daily moderate to vigorous physical activity was multiplied by 7 to obtain a weekly sum. 23 For the analysis evaluating differences in time spent in sedentary behavior, light physical activity, and moderate to vigorous physical activity comparing dialysis with nondialysis days, we reported time and percentage of daily wear time in each activity state. Unadjusted comparisons were made using the Wilcoxon rank sum test. The percent of total linked time at a given location was reported for overall accelerometer use and each activity level. Similar to above, the percent of daily linked time at a given location was compared for dialysis versus nondialysis days using the rank sum test. For all analyses, a P < .05 was used as the threshold for statistical significance. All statistical analyses were conducted using Stata 14 software (Stata Statistical Software: Release 14, College Station TX: StataCorp LP).
Results
Baseline Characteristics
A total of 50 patients consented to participate in the study, 3 of whom withdrew (Figure 1 ). Baseline characteristics of the remaining 47 patients are noted in Table 1 . The majority of our cohort was male (74%) and the mean age was 61 ± 15 years. Seventy-one percent of our cohort had been on dialysis for >1 year. A central venous catheter was the most common dialysis access. The most common cause of end-stage renal disease was diabetic nephropathy (43%), followed by glomerulonephritis (30%) and polycystic kidney disease (13%).
Accelerometer Data
Of the 47 consenting patients, 1 did not receive the device (Figure 1 Table 2 ). Only 2 people met the Canadian physical activity guidelines recommending ≥150 min/week of moderate to vigorous physical activity obtained in bouts of ≥10 minutes. Of the 289 individual valid accelerometer days, 139 occurred on a dialysis day and 150 on a nondialysis day. Comparisons of total daily minutes and proportion of daily time spent in each activity state for dialysis and nondialysis days are noted in Table 3 . There was significantly less sedentary behavior on nondialysis days compared with dialysis days (601 min/day, IQR: 514-706; 701 min/day, 
Global Positioning System Data
Of the 47 consenting patients, 1 did not receive a GPS device and 1 did not collect any GPS data leaving an eligible cohort of 42 patients with linkable GPS data (using a cut-off of ≥4 valid accelerometer days; Figure 1 ). The percent of accelerometer data linked to GPS for sedentary behavior, light physical activity, and moderate to vigorous physical activity was 92.9%, 92.8%, and 97.5%, respectively. Five patients had no moderate to vigorous physical activity linked to GPS data and the median moderate to vigorous physical activity was 0.8 min/day in this group. The proportion of overall accelerometer use, sedentary behavior, light physical activity, and moderate to vigorous physical activity time for each coded GPS location is noted in Table 4 . The majority of accelerometer wear time occurred in the home followed by hospital and transport. Home was also the dominant category across all levels of physical activity. Median percentage of sedentary behavior, light physical activity, and moderate to vigorous physical activity time in the home environment was 57.7%, 63.3%, and 60.3%, respectively. Hospital was the next most common location for sedentary behavior accounting for 17.8% of total sedentary time, whereas hospital and transportation were similar for light physical activity and moderate to vigorous physical activity. Minimal moderate to vigorous physical activity occurred outside of the home. The percent of daily linked time at a given location for different activity levels stratified by dialysis days can be seen in Supplementary Table 1 . On dialysis days, there was significantly more daily sedentary time spent in the hospital compared with nondialysis days (36.2% vs 0%; P ≤ .001), whereas more sedentary time occurred at home on nondialysis days compared with dialysis days (76.6% vs 44.4% P ≤ .001). A summary of accelerometer and GPS findings is shown in Figure 2 . Note. Missing: Employment (n = 1); Salary (n = 3). BMI = body mass index; IQR = interquartile range; ESRD = end-stage renal disease; PKD = autosomal dominant polycystic kidney disease. 
Discussion
In this study, we linked accelerometer and GPS data to describe physical activity, sedentary behavior, and where these activities occur in a cohort of ambulatory, in-center hemodialysis patients. We found that hemodialysis patients exhibit minimal moderate to vigorous physical activity and substantial sedentary behavior. Furthermore, we found that irrespective of activity level, all behaviors seemed to occur across a limited range of locations including home, transportation, and hospital. Finally, we found differences in the types and locations of activity when comparing dialysis with nondialysis days; the proportion of time spent in a sedentary state was significantly higher on dialysis days compared with nondialysis days. Our findings that dialysis patients exhibit minimal moderate to vigorous physical activity are consistent with other accelerometer-based studies of dialysis patients including a recent study which found that hemodialysis patients did on (continued) average only 5.7 minutes of moderate to vigorous physical activity per day. 9 Only 4% of our study participants met the Canadian physical activity guidelines recommending ≥ 150 min/week of moderate to vigorous physical activity. This value is substantially lower than a recent Brazilian study which reported 35% of their hemodialysis cohort was able to achieve ≥ 150 min/week of moderate to vigorous physical activity. 11 The discrepancy in these values is likely a result of following Canadian guidelines requiring moderate to vigorous physical activity to be acquired in bouts of ≥10 minutes, whereas the Brazilian study summed moderate to vigorous physical activity of any duration in patients who did on average <15 min/day of moderate to vigorous physical activity.
There are considerably fewer studies regarding objective assessment of sedentary behavior in hemodialysis patients. A previous study using pedometers and minimum steps per day demonstrated increased sedentary behavior in hemodialysis patients. 24 Other studies have used accelerometers to show that hemodialysis patients are more sedentary than age-and sex-matched controls, 2 and kidney transplant recipients 12 based on daily step count. While informative, a limitation of these studies is that they defined sedentary behavior using a threshold of <5000 steps/day. This method dichotomizes sedentary behavior without capturing other important details such as total time and percentage of device wear time spent in a sedentary state. A recently published cross-sectional analysis describing accelerometer-measured sedentary time in the Canadian population showed sedentary behavior increased as estimated glomerular filtration rate (eGFR) declined and those in the lowest eGFR cohort (<45 mL/min/m 2 ) spent upward of 80% of total wear time in a sedentary state. 25 Although comparable, there are several possible reasons why the proportion of sedentary behavior time in our hemodialysis cohort was lower. First, our cohort was younger (61 vs 71 years) and may be more active. Second, our upper limit for defining sedentary behavior was 0.5 METs lower than the criteria used in the cross-sectional analysis. Thus, people who performed light physical activity in our study may be been classified as sedentary in the cross-sectional analysis. Third, prior studies have shown an association between male sex and increased physical activity and our cohort contained a higher percentage of male participants (74% vs 58%). 3 Finally, our cohort was ambulatory and excluded individuals with forms of mobility impairment not limited to wheelchair dependence. We also found that hemodialysis patients exhibited more sedentary behavior and less light physical activity, and moderate to vigorous physical activity on dialysis days compared with nondialysis days, which is consistent with previous studies. 11 This was not unexpected given the stationary time required for hemodialysis as well as postdialysis fatigue often reported by patients. 26 Sedentary behavior in our population is comparable with reported values in other frail populations. A study of sedentary behavior in a cohort of community dwelling adults ≥65 years old who were 3 to 12 months post hip fracture showed that up to 77% of daily accelerometer wear time was spent sedentary. 27 Another study involving patients beginning cardiac rehabilitation found that 71% of daily accelerometer wear time was spent in a sedentary state. 28 Both of these populations are also burdened by comorbidity and frailty, similar to in-center hemodialysis patients.
Studies have shown an association between sedentary behavior and all-cause mortality using objective accelerometer data in the general population. 29 In dialysis, sedentary behavior is also associated with an adjusted increased risk of death at 1 year (HR: 1.62; 95% CI: 1.16-2.27). 5 These studies illustrate the implications of sedentary behavior and, in concert with the high prevalence of sedentary behavior in our study, potentially underscore the need for future studies focusing on reducing sedentary behavior in hemodialysis patients.
To our knowledge, linking physical activity to real-world locations using objective GPS data has not been done in this population. Locations obtained with GPS methodology should be more accurate than subjective questionnaire-based location assessments. A striking finding from our GPS data is the extensive proportion of time spent at home across all activity levels. While the majority of moderate to vigorous physical activity occurred in the home environment, the total minutes per day of moderate to vigorous physical activity was minimal. Thus, it may prove prudent to focus on any location to increase moderate to vigorous physical activity given how little is done overall. Potential benefits of increasing moderate to vigorous physical activity outside of the home environment include prevention of social isolation and strengthen support networks which may help with exercise sustainability.
The vast majority of sedentary behavior occurred in the home environment followed by the hospital and transportation. Appreciating that both time in hospital and transportation was higher on dialysis days, we suspect the high proportion of sedentary behavior in these locations was directly related to the hemodialysis treatment. Breaking up sedentary time during hemodialysis using intradialytic exercise programs has been shown to have numerous benefits. 30 While these strategies are useful for dialysis days, they do not directly address sedentary behavior occurring on nondialysis days. Interventions focused on reducing sedentary behavior in the home environment may provide additional benefit due to the large amount of time this population spends at home. A recent randomized controlled trial showed that a home-based walking exercise program was able to significantly increase physical performance in dialysis patients at 6 months compared with normal daily activity. 31 Home-based programs such as this should be seen as complimentary to intradialytic therapies and would help to interrupt sedentary behavior at home, given the amount of time per day spent in this location irrespective of dialysis or nondialysis day.
This study has a number of strengths. First, using accelerometers allowed us to objectively capture descriptive details of physical activity and sedentary behavior including intensity and duration. We chose an MET/count-based definition of sedentary behavior which more accurately describes sedentary behavior compared with steps/day. Finally, using GPS to describe locations of moderate to vigorous physical activity, light physical activity, and sedentary behavior in the hemodialysis population has not previously been done to our knowledge. Limitations of our study include a small sample size from a single center, and a cross-sectional design that does not allow participants to be followed over time. Our study highlights the difficulty with recruiting and engaging the hemodialysis population as less than half of eligible patients provided consent. A control group was not included as our study was cross-sectional; however, physical activity in the general population has been well described. Participants may have increased their activity while wearing the accelerometer, but it is unlikely this contributed in a meaningful fashion and would have led to an underestimate of an already substantial sedentary time. Finally, activity levels may have been underestimated as devices were not worn for all awake hours, the hip-based accelerometer location may not capture stationary exercise (eg, cycling), and devices were removed before water-based activity as they were not waterproof.
Conclusion
Ambulatory, in-center hemodialysis patients demonstrate minimal moderate to vigorous physical activity and significant sedentary behavior across a limited range of locations. Given the substantial sedentary tendencies of this population, focus should be directed on increasing physical activity at any location frequented. Home-based exercise programs may serve as a potential adjunct to intradialytic-based therapies given the amount of time spent in the home environment.
